Anti-Candida-biofilm activity of micafungin is attenuated by voriconazole but restored by pharmacological inhibition of Hsp90-related stress responses.
We have conducted an in vitro evaluation of the efficacy of a voriconazole-micafungin combination against Candida albicans. When used alone, both micafungin and voriconazole decreased the metabolic activity of planktonic cells, but only micafungin displayed potent anti-biofilm activity. Their combination appeared to have an additive effect against planktonic cells. However, voriconazole significantly antagonized the fungicidal effect of micafungin against Candida biofilms. Time-lag experiments showed that pre-treatment with voriconazole induced resistance to micafungin in Candida biofilms. The micafungin-antagonizing effect of voriconazole persisted even when the biofilm was no longer exposed to voriconazole. In contrast, voriconazole addition after 24 h of micafungin treatment did not alter micafungin sensitivity. To investigate the mechanism of antagonism, we used inhibitors of Hsp90 and its effectors because Hsp90 seems to be implicated in the resistance to micafungin. These molecules reversed the voriconazole-induced resistance to micafungin which suggests that Hsp90-related stress responses are involved in the antagonism. Our results may provide clues as to the mechanism of increased drug resistance in Candida biofilms and raises concerns about the use of the voriconazole-micafungin combination in clinical settings.